ABSTRACT. I constructed a Late Pleistocene geochronological scale for European Russia employing 14C dating and paleobotanical studies of several reference sections.
shell ages. I learned that 232Th is present only in the outer layer of shells; thus, it is not necessary to correct for 230Th if the surface (-30% by weight) is removed. A great many shells were paralleldated by 14C and 23°Th/234U methods; results corresponded well for young shells (to 13-14 ka).
Older shells appear to be younger due to recent carbonate contamination. Shells from transgression sediments of the Barents, White and Black Seas were chosen as most suitable for dating, based on appearance. Table 1 presents measured ages for these shells.
The data show that the inner fractions of shells sampled from Boreal (Eem) transgression deposits of the Barents and White Seas date to 86-114 ka. Shells from sediments of the Black Sea Karangat transgression, which correlates to the Boreal, date to 95-115 ka. 23°Th/234U dating of shells and coral show that shells have younger ages than corals; this appears to result from later uranium penetration into shells (Arslanov et a1.1976) . Boreal transgression sediments on the Kola peninsula can be placed in the Mikulino interglacial based on shell, microfauna, diatom and pollen studies . According to the oxygen-isotope record from deep-sea cores, interglacial substage 5e corresponds to the Dilikulino (Eem, Sangamon) interglacial in the interval 128-116 ka (Morley and Hays 1981) . By considering the trend of 23°Th/234Th age reduction for shells, it can be stated that the Karangat and Boreal transgressions (85-115 ka) correlate to the Mikulino interglacial.
Distinct cooling at the end of the Mikulino (Early Valdai) is identified from pollen studies of the Krotkov Cape liman clays (Taman peninsula) (Arslanov et al. 1983 II in Lithuania) correspond to the two oceanic transgressions discussed above. These sediments are well defined in the Grande-Pile section (France) and correspond to substages 5c and 5a of the oxygenisotope scale (Woillard and Mook 1982) . (Morley and Hays 1981) ; the polar front migrated south to 45°N latitude (Ruddiman and McIntire 1977) . Scandinavian ice sheets expanded south to latitude only during this stage; southernmost Sweden (Sconia) was not affected by Wi rm glaciation earlier than 21 ka (Berglund and Lagerlund 1981) .
Early Valdai sediments were studied in the following sections: Shestichino in the Jaroslavi region, Kileshino (near Selizharovo) in the Tver region and Migovo (near Grodno) in Belorussia. According to paleobotanical data (F. J. Velichkevich and E. A. Spiridonova), these sediments deposited in tundra and tundra-forest conditions date to >47-49 ka (Arslanov 1975; Spiridonova et al. 1981) . To date, the Early Valdai (Visla) glacial moraine cannot be identified on the Russian plain, nor over much of western Europe.
THE MIDDLE VALDAI NON-GLACIAL INTERVAL
The interval between Early and Late Valdai glaciation includes the Middle Valdai interstadial complex (mega-interstadial), which contained warming and cooling phases.
14C dating of plant remains shows that the Middle Valdai (Worm, Visla) mega-interstadial continued from 58-60 to 25 ka (Arslanov 1975; Woillard and Mook 1982) , and according to the oxygen-istope scale, from 27 to 58 ka (Morley and Hays 1981) .
Data from 31 Middle Valdai sediment sections are listed in Table 2 , and include only those studied by palynological or paleocarpological methods. The oldest date was determined for the Rokai section near Kaunas: 52 ka t 1.69 ka. Pollen data indicate that tundra-forest vegetation expanded at this time (Gajgalas et al. 1987) . (Arslanov et al. 1980b (Arslanov et al. , 1984 . From 45-42 ka, cooling had set in. A grass community of wormwoods and a yernik-tundra were widespread at the time. Later, between 42.5 ka and 38 ka, warming occurred and forest vegetation appeared (Arslanov et a!. 1980b ).
Two warming phases can be distinguished during the Middle Valdai. The first, the Krasnogorsky (Rokai) and "Grazhdansky prospect" interstadials, occurred in the interval, 52 ka-36 ka. Cooling occurred at 45 ka-42.5 ka on the northeastern Russian plain. The second Middle Valdai warming, the Dunaevo interstadial (Brjansk interval in periglacial regions) took place from 32 ka-25 ka. The Lejasziemes cooling interval (36 ka-32 ka) divided these two warm phases. At the cooling maximum, 34 ka-33 ka, grass tundra was present in Latvia (Lejasziemes), in northeastern Belorussia (Michalinovo) and in the Lower Pechora basin (Soz'va) (Arslanov et a!. 1980b Yoznjachuk et al. 1981 ). This major northern hemisphere cooling was noted in western Europe (between the Denekamp and Hengello interstadials) in Siberia (Konoshelsk climatic deterioration) and in North America (Cherrytry glacial stage).
During the Dunaevo interstadial on the Russian plain, birch-pine and fir-pine forests dominated in the northeast (Dunaevo), central (Shenskoje, Novomongolovo) and northwest regions (Spiridonova et al. 1981) . The three climatic phases, interstadial "Grazhdansky prospect" (45 ka-36 ka), Lejasziemes cooling (36 ka-32 ka) and Dunaevo interstadial (32 ka-25 ka), are comparable to three climatic phases in Siberia, western Europe and North America during the same period. These phases also correspond to oxygen-isotope stage 3 (Arslanov 1975 ).
Abrupt Middle Valdai warming was observed in middle and high latitudes from west to east (Arslanov 1975) . During its optimum (48 ka-45 ka and 42 ka-39 ka), low bush-tundra dominated in regions adjoining the Atlantic Ocean and North Sea; forest tundra was present near the northern taiga border, in Belorussia, and a northern taiga was present in northwestern and central regions of the Russian plain. Taiga forests similar to recent ones spread north of the Dvina River and Vychegda basin. Discontinuous fir-pine-birch forests of the northern Pechora basin are expanded to the Barents Sea coast, farther north than at present.
From 48 ka to 45 ka, the forest formation (Shapkino I, II, Sozva, Ghernaja River, Urduga, Tarubei sections) was distributed on the area of recent forest tundra, Bolszezemelskaja and Alozemelskaja (Arslanov et al. 1980b) . Obviously, Middle Valdai optima were typical interstadial stages in western and central regions of the Russian Plain. The interglacial is termed the Kargino in Siberia.
A mirror-like situation was observed in Canada (Lamb 1977) . Thus, Europe and eastern North America were under cold climatic conditions in the Middle Worm. This could be a result of 1) the close proximity of the Laurentian and Scandian continental ice sheets; 2) a warm current, the Gulf Stream, circulated no farther than 55°N (Ruddiman and McIntire 1977) , causing cooling in western Europe and in the western part of the Russian plain. Regions distant from the Laurentian and Scandian ice sheets and from the cold Atlantic Ocean (northeastern Russian Plain, Siberia, central and western Canada) were under interglacial climatic conditions in the Middle Wurm. This was probably caused by high summer insolation in the high latitudes at 55-40 ka. The degree of insolation was just below that during the Mikulino interglacial and Holocene optimum (Arslanov 1975 (Arslanov , 1982 . Comparison of climatic-geochronologic data for two sections, Chernaja near the Barents Sea and Dziguta near Sukhumi, revealed that the Chernaja area had a coniferous forest with small birch admixture at 47 ka (Middle Valdai optimum) instead of recent forest-tundra. At the same time, silver fir and spruce forest with beech admixture dominated in the Sukhumi region; such vegetation can be observed now at >1200 m asl (Arslanov et al. 1980a ).
LATE VALDAI GLACIAL STAGE AND DEGLACIATION
The Valdai glacial maximum has not been definitely dated. Some scientists believe the Early Valdai stage to be the maximum. I believe that the maximum occurred in the Late Valdai, based on 14C dates from organic remains from sediments overlain by moraine deposits of the glacial maximum from western Belorussia to the Pechora basin. Table 3 shows data for eight sections. Other results suggest that submoraine organic layers formed during the Middle Valdai non-glacial interval. There appear to be no Middle Valdai glacial intervals in western Europe nor on the Russian plain, so the Middle Valdai age of submoraine sediments indicates that overlying glacial sediments were deposited during Late Valdai glaciation. This conclusion is supported by oxygen-isotopic data, with the maximum southward drift of the polar front at 17 ka-18 ka and by (Belenger 1982; CLIMAP 1975 CLIMAP , 1985 .
Short-term warming occurred after the Late Pleistocene glacial maximum (Arslanov 1975 . Interstadial peat dates to 13 ka. Table 4 presents the Late Pleistocene time scale for European Russia. Names of interstadials and cooling phases correspond to the names of sections where they were first studied (Dunzaevo, Lejasziemes, Michalinovo, "Grazhdansky prospect", Shapkina, Krasnaja Gorka, Shestichino, Jonenis I, II, Tosno). 
CONCLUSION

